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ATITITUDE ANGLE CALCULATING DEVICE,
METHOD OF CALCULATING ATTITUDE
ANGLE, AND ATTITUDE ANGLE
CALCULATING PROGRAM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National stage of International
Application No. PCT/JP2015/083133 filed on Nov. 26,
2015, which 1 turn claims priority to Japanese Patent
Application No. 2014-264586 filed on Dec. 26, 2014, the
entire disclosure of each of which i1s hereby incorporated
herein by reference for all purposes.

TECHNICAL FIELD

The present disclosure relates to an attitude angle calcu-
lating device which may calculate an attitude angle of a
movable body, such as a ship, a flight object, and a vehicle.
The present disclosure also relates to a method of calculating
an attitude angle, and an attitude angle calculating program.

BACKGROUND ART

Currently, various devices which calculate a traveling
state of a movable body using GPS signals have been 1n
practical use. For example, an attitude calculating device
disclosed 1n Patent Document 1 includes four GPS antennas.
Lengths of base lines (base lengths) which respectively
connect the four antennas are different.

The attitude calculating device disclosed 1n Patent Docu-
ment 1 may be selected two antennas which are 1n a
receiving state 1n which positioning 1s possible and have the
longest base length. The attitude calculating device dis-
closed 1n Patent Document 1 calculates an attitude by using
the GPS signals recerved by the two GPS antennas.

REFERENCE DOCUMENT OF
CONVENTIONAL ART

Patent Document

Patent Document 1 JP2008-014721A

DESCRIPTION OF THE DISCLOSUR.

(Ll

Problem to be Solved by the Disclosure

Although the method of the attitude calculating device
disclosed 1n Patent Document 1 takes the spatial relationship
of the GPS antennas into consideration, the calculation
accuracy of the attitude may not be improved solely by the
spatial relationship of the antennas.

Therefore, the purpose of the present disclosure 1s to
provide an attitude angle calculating device, a method of
calculating an attitude angle, and an attitude angle calculat-
ing program, which may calculate the attitude angle with

high precision.

SUMMARY OF THE DISCLOSURE

An attitude angle calculating device according to this
disclosure may include a plurality of antennas, a plurality of
receiving parts, an attitude angle calculating part, and a
calculating condition determining part.
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The plurality of antennas may receive a positioning signal
from a positioning satellite, respectively. The plurality of
receiving parts may be provided for every antenna that
constitutes the plurality of antennas, and output data for
calculation using the positioning signals received by the
antennas. The attitude angle calculating part may calculate
cach component of an attitude angle using the data for
calculation. The calculating condition determining part may
determine a contribution of the data for calculation to the
calculation of the attitude angle for every component of the
attitude angle, based on a spatial relationship between a base
line connecting two antennas among the plurality of anten-
nas and the positioning satellite.

With this configuration, setting of weight for the data for
calculation suitable for calculating a target attitude angle
component, or selection of the data for calculation may be
possible. Thus, the target attitude angle component may be
calculated with high precision.

In the attitude angle calculating device according to this
disclosure, the calculating condition determining part may
include an accuracy degradation index calculating part con-
figured to calculate an accuracy degradation index for every
component of the attitude angle based on the spatial rela-
tionship of the base line and the positioning satellite, and a
contribution determining part configured to determine the
contribution using the accuracy degradation index.

With this configuration, the contribution for every posi-
tioning satellite (every data for calculation obtained by the
positioning signal) may be determined by using the accuracy
degradation index (DOP). Thus, the target attitude angle
component may be calculated with high precision.

ftect of the Disclosure

[T

According to the present disclosure, the attitude angle
may be calculated with high precision.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram 1llustrating a configuration of a
traveling state calculating device according to a first
embodiment of the present disclosure.

FIG. 2 1s a block diagram 1llustrating a configuration of a
calculating condition determining part according to the first
embodiment of the present disclosure.

FIG. 3 1s a view 1llustrating a spatial relationship of the
antennas according to the first embodiment of the present
disclosure.

FIG. 4 1llustrates graphs of an azimuthal dependence of an
accuracy degradation index in a heading direction (Heading-
DOP).

FIG. 5 1llustrates graphs of an azimuthal dependence of an
accuracy degradation index 1n a pitch direction (Pitch-DOP).

FIG. 6 1s a perspective view 1llustrating a spatial relation-
ship between the antennas and the positioning satellites.

FIG. 7 1s a plan view illustrating a relation between the
antennas and projected positions of the positioning satellites.

FIG. 8 1s a flowchart illustrating a processing flow of a
method of calculating a traveling state according to the first
embodiment of the present disclosure.

FIG. 9 15 a flowchart 1llustrating determination processing,
of weight coeflicients in the method of calculating the
traveling state according to the first embodiment of the
present disclosure.

FIG. 10 1s a flowchart illustrating another processing flow
of the method of calculating the traveling state according to
the first embodiment of the present disclosure.
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FIG. 11 1s a block diagram illustrating a configuration of
a traveling state calculating device according to a second
embodiment of the present disclosure.

FIG. 12 1s a flowchart of a method of calculating a
traveling state according to the second embodiment of the
present disclosure.

FI1G. 13 1s a plan view 1llustrating a pattern of the antennas
used for the traveling state calculating device according to
the embodiments of the present disclosure.

FIG. 14 1s a block diagram 1illustrating a configuration of
a traveling state calculating device according to a third
embodiment of the present disclosure.

FIG. 15 1s a view 1llustrating one example of the image
outputted from the traveling state calculating device accord-
ing to the third embodiment of the present disclosure.

FIG. 16 1s a view 1illustrating a display mode of the
traveling state calculating device according to the third
embodiment of the present disclosure.

FIG. 17 1s a view 1illustrating a display mode of the
traveling state calculating device according to the third
embodiment of the present disclosure.

(L]

MODES FOR CARRYING OUT TH.
DISCLOSURE

A traveling state calculating device, a method of calcu-
lating a traveling state, and a traveling state calculating
program according to a first embodiment of the present
disclosure are described with reference to the accompanying
drawings. As a movable body 1llustrated in this embodiment,
although a surface ship 1s described as one example, 1t may
be any of other marine surface movable bodies, submarine
movable bodies, land movable bodies such as automobiles,
and air movable bodies such as airplanes. Note that, as
positioning signals 1llustrated 1n this embodiment, they may
be positioning signals of GNSS (Global Navigation Satellite
System), and, specifically, positioning signals of GPS
(Global Positioning System), GLONASS (Global Naviga-
tion Satellite System), and/or Galileo. Note that the posi-
tioming signals of a plurality of systems may be used, instead
of using the positioning signals of a single system.

FIG. 1 1s a block diagram 1illustrating a configuration of
the traveling state calculating device according to the first
embodiment of the present disclosure. FIG. 2 1s a block
diagram 1illustrating a configuration of a calculating condi-
tion determining part according to the first embodiment of
the present disclosure. FIG. 3 1s a view 1llustrating a spatial
relationship of the antennas according to the first embodi-
ment of the present disclosure.

As 1llustrated mm FIG. 1, a traveling state calculating
device 10 including an attitude angle calculating device
according to this embodiment may be provided with an
antenna part 100, receiving parts 11A, 11B, 11C and 11D, a
phase diflerence calculating part 12, and an operation part
13. The antenna part 100 may include antennas 100A, 100B,
100C and 100D. The operation part 13 may include an
attitude angle calculating part 131 and a calculating condi-
tion determining part 132. As illustrated in FIG. 2, the
calculating condition determining part 132 may include an
accuracy degradation index calculating part 133 and a
contribution determining part 134.

The antenna part 100 may be disposed at a location of a
ship where the sky 1s wvisible without obstructions. As
illustrated 1n FIG. 3, an arrangement pattern of the antennas
100A, 100B, 100C and 100D may be spread two-dimen-

sionally.
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As one example of the specific arrangement pattern
illustrated 1n FIG. 3, the antennas 100A, 1008, 100C and
100D may be disposed at four corners of a square, when seen
in a plan view. The antennas 100A and 100D may be
disposed so that a base line connecting these antennas 100 A
and 100D is parallel to a Bx-direction (a direction connect-
ing the bow and the stern of the ship (a bow-stern direction))
of a BODY coordinate system. The antennas 100B and 100C
may be disposed so that a base line connecting these
antennas 1s parallel to the Bx-direction of the BODY coor-
dinate system.

The antennas 100A and 100B may be disposed so that a
base line connecting these antennas 100A and 100B 1s
parallel to a Bx-direction (a direction connecting the star-
board and the port (a starboard-port direction)) of the BODY
coordinate system.

A distance between the antennas 100A and 100B, a
distance between the antennas 100B and 100C, a distance
between the antennas 100C and 100D, and a distance
between the antennas 100D and 100A may be shorter than
a wavelength of the positioning signal. More specifically, the
distances between these antennas may desirably be about 14
of a wavelength A (A2) of the positioning signal, for
example. By setting the distances between the antennas to
about A/2, a determination of integral value bias may
become easy.

Note that this arrangement 1s merely an example and two
or more antennas may be disposed. That 1s, at least one base
line may be set.

The antenna 100A may be connected to the receiving part
HA. The antenna 100A may receive the positioning signals
transmitted from the positioning satellites, and output them
to the receiving part 11A. The antenna 100B may be
connected to the receiving part 11B. The antenna 100B may
receive the positioning signals transmitted from the posi-
tioning satellites, and output them to the receiving part 11B.
The antenna 100C may be connected to the receiving part
11C. The antenna 100C may receive the positioning signals
transmitted from the positioning satellites, and output them
to the receiving part 11C. The antenna 100D may be
connected to the receiving part 11D. The antenna 100D may
receive the positioning signals transmitted from the posi-
tioning satellites, and output them to the receiving part 11D.

The receiving parts 11A, 11B, 11C and 11D may be
synchronized with each other. For example, the receiving
parts 11A, 11B, 11C and 11D may accept an mput of a
common clock signal, and perform an acquisition and track-
ing of the positioning signals, synchromized with the clock
signal.

The receiving part 11 A may acquire and track the posi-
tioning signals, and calculate a pseudo range p , for every
positioning signal (every positioning satellite). The receiv-
ing part 11 A may output the pseudo range p , to the operation
part 13. The receiving part 11 A may calculate a carrier phase
measurement PY , for every positioning signal (every posi-
tioning satellite). The recerving part 11A may output the
carrier phase measurement PY , to the phase difference
calculating part 12.

The receiving part 11B may acquire and track the posi-
tioning signal, and calculate a pseudo range p for every
positioning signal (every positioning satellite). The receiv-
ing part 11B may output the pseudo range p 5 to the operation
part 13. The recerving part 11B may calculate a carrier phase
measurement PY , for every positioning signal (every posi-
tioning satellite). The recerving part 11B may output the
carrier phase measurements PY . to the phase difference
calculating part 12.
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The recerving part 11C may acquire and track the posi-
tioning signal, and calculate a pseudo range p,. for every
positioning signal (every positioning satellite). The receiv-
ing part 11C may output the pseudo range p -~ to the operation
part 13. The receiving part 11C may calculate a carrier phase
measurement PY ~ for every positioning signal (every posi-
tiomng satellite). The receiving part 11C may output the
carrier phase measurements PY . to the phase diflerence
calculating part 12.

The recerving part 11D may acquire and track the posi-
tioming signal, and calculate a pseudo range p, for every
positioning signal (every positioning satellite). The receiv-
ing part 11D may output the pseudo range p, to the
operation part 13. The receiving part 11D may calculate a
carrier phase measurement PY ., for every positioning signal
(every positioning satellite). The receiving part 11D may
output the carrier phase measurements PY , to the phase
difference calculating part 12.

These pseudo ranges p ,, P5, P~ and pp, and the carrier
phase measurements PY ,, PY ., PY . and PY , may corre-
spond to data for calculation of the present disclosure.

The phase difference calculating part 12 may set the base
line combining two of the antennas 100A, 100B, 100C and
100D. The phase difference calculating part 12 may calcu-
late a single phase difference for every base line. For
example, specifically, the phase difference calculating part
12 may execute the following processing.

The phase difference calculating part 12 may set the base
line using the antenna 100A as a reference antenna. The
phase difference calculating part 12 may calculate a differ-
ence between the carrier phase measurement PY , and the
carrier phase measurement PY , to calculate a single phase
difference AC ,, between the antennas (=PY ,—PY ,) for the
base line of the antennas 100A and 1OOB The plase
difference calculating part 12 may calculate the single phase
difference for every base line by the difference calculation of
the carrier phase measurements. The phase diflerence cal-
culating part 12 may output the calculated single phase
difference to the operation part 13.

The operation part 13 may analyze a navigation message
superimposed with the positioning signal to acquire a sat-
cllite position. The operation part 13 may acquire at least the
position of the positioning satellite which 1s a sender of the
positioning signal received by the receivmg parts 11A, 11B,
11C and 11D. Note that each of the receiving parts 11A, 11B,
11C and 11D may perform the analysis of the navigation
message and the acquisition of the position of the position-
ing satellite.

Moreover, the operation part 13 may calculate positions
PO ,, PO,, PO and PO, of the antennas 100A, 1008, 100C
and 100D using the pseudo ranges p ,, P5, P and p,. The
positions PO ,, PO,, PO, and PO, of the antennas 100A,
1008, 100C and 100D may be calculated by using a known
single positioning technique.

The attitude angle calculating part 131 may calculate a
direction cosine for every single phase difference between
the antennas using the satellite position and the antenna
positions PO, PO, PO, and PO,. Specifically, for
example, the attitude angle calculating part 131 may calcu-
late the direction cosine corresponding to the single phase
difference between the antennas 100A and 100B by using the
antenna positions PO , and PO, and the satellite position of
the positioning satellite which 1s the sender of the position-
ing signal received by both the antennas 100A and 100B.
The attitude angle calculating part 131 may also calculate a
direction cosine corresponding to a single phase diflerence
between other antennas by a similar way.
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The attitude angle calculating part 131 may calculate an
attitude angle AT using the single phase differences and a
matrix of the direction cosines between the antennas. The
directional cosine matrix may be a matrix for converting the
BODY coordinate system 1nto an absolute coordinate sys-
tem, such as an earth coordinate system. The attitude angle
AT may be comprised of a roll angle ¢, a pitch angle 0, and
a yaw angle 1. Note that, as the attitude angle AT, at least
the yaw angle 1 may be estimated.

More specifically, the attitude angle calculating part 131
may estimate and determine an integral value bias for every
single phase difference between the antennas using a known
method, such as the LAMDA method. The attitude angle
calculating part 131 may calculate a geometric distance
difference corresponding to each single phase difference
between the antennas using the single phase difference and
the integral value bias between the antennas. The attitude
angle calculating part 131 may calculate the attitude angle
AT by applying a least-squares method etc. using the geo-
metric distance diflerence and the directional cosine matrix.

The attitude angle calculating part 131 may calculate the
attitude angle using a contribution for every single phase
difference determined by the calculating condition determin-
ing part 132. As the contribution, 1t may be a weight
coellicient, for example. Thus, the attitude angle calculating
part 131 may apply the least-squares method etc. 1n a state
where the weight coeflicient determined by the calculating
condition determining part 132 1s applied to the single phase
difference, to calculate the attitude angle.

The calculating condition determining part 132 may
determine a contribution (for example, a weight coeflicient)
according to a target component of the attitude angle based
on a spatial relationship between the base line of each single
phase difference and the positioning satellite. That 1s, the
calculating condition determining part 132 may determine
the contribution for every single phase diflerence, based on
which angle among the roll angle ¢, the pitch angle 0, and
the yaw angle 1) 1s to be calculated with high precision. The
contribution may be an index of contribution to calculation
accuracy of the attitude angle component. More specifically,
the contribution may be an index which may be set so that
the calculation accuracy of the attitude angle component 1s
higher as the contribution increases. Here, the contribution
may correspond to the weight coetlicient. The contribution
may become higher as the weight coeflicient increases,
whereas the contribution may become lower as the weight
coellicient decreases.

More specifically, the calculating condition determining
part 132 may determine the contribution (weight coetlicient)
for every single phase diflerence using the following con-
cept. FIG. 4 illustrates graphs of an azimuthal dependence of
the accuracy degradation index in the heading direction
(Heading-DOP). FIG. 3§ illustrates graphs of the azimuthal
dependence of the accuracy degradation index 1n the pitch
direction (Pitch-DOP). In FIGS. 4 and 5, the horizontal axis
1s an azimuth of the positioming satellite based on the
reference position of the base line 1n the absolute coordinate
system, and the base-line azimuths 0, 1, 12 and 3 in the
respective graphs indicate an azimuth 1n the absolute coor-
dinate system of the base line from which the single phase
difference 1s calculated.

(Calculation of Yaw Angle 1))

As 1llustrated 1 FIG. 4, the nearer to 90° (right angle)
with respect to the azimuth of the base line, the smaller the
accuracy degradation index 1n the heading direction (here-
iafter, retferred to as “the Heading-DOP”) becomes. The
nearer to 0° (parallel) with respect to the azimuth of the base
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line, the more sharply the Heading-DOP increases. This
azimuthal dependence of the Heading-DOP may not depend
on an angle of elevation of the positioning satellite. More-
over, the Heading-DOP decreases as the angle of elevation
of the positioning satellite decreases.

The calculating condition determining part 132 may
determine the weight coeflicient which may be set for the
calculation of the yvaw angle 1 or the attitude angle con-
taining the yaw angle 1 as the attitude angle component, by
using the Heading-DOP. The calculating condition deter-
mimng part 132 may set a larger weight coeflicient as the
Heading-DOP decreases, and a smaller weight coeflicient as
the Heading-DOP increases. The calculating condition
determining part 132 may set the weight coellicient for every
combination of the base line and the positioning satellite.
Thus, the contribution of the single phase diflerence in the
calculation of the attitude angle may increase for a combi-
nation of the base line having a smaller Heading-DOP and
the positioning satellite, whereas the contribution of the
single phase difference in the calculation of the attitude
angle may decrease for a combination of the base line having
a larger Heading-DOP and the positioning satellite. The
calculating condition determining part 132 may output the
set weight coetlicient to the attitude angle calculating part
131. The attitude angle calculating part 131 may calculate
the yvaw angle 1y with high precision by calculating the
attitude angle using the weight coellicient given from the
calculating condition determining part 132.

(Calculation of Pitch Angle 0)

As 1llustrated in FIG. 5, the nearer to 0° (parallel) with
respect to the azimuth of the base line, the smaller the
accuracy degradation index 1n the pitch direction (hereinat-
ter, referred to as “Pitch-DOP”) becomes. The nearer to 90°
(right angle) with respect to the azimuth of the base line, the
more sharply the Pitch-DOP increases. The azimuthal
dependence of the Pitch-DOP does not depend on the angle
ol elevation of the positioning satellite. Moreover, the Pitch-
DOP decreases as the angle of elevation of the positioning
satellite decreases.

The calculating condition determining part 132 may
determine the weight coetlicient which may be set for the
calculation of the pitch angle 0 or the attitude angle con-
taining the pitch angle 0 as the attitude angle component, by
using the Pitch-DOP. The calculating condition determining
part 132 may set a larger weight coellicient as the Pitch-DOP
decreases, whereas a smaller weight coeflicient as the Pitch-
DOP 1ncreases. The calculating condition determining part
132 may set the weight coeflicient for every combination of
the base line and the positioning satellite. Thus, the contri-
bution of the single phase difference in the calculation of the
attitude angle may increase for a combination of the base
line having a smaller Pitch-DOP and the positioning satel-
lite, whereas the contribution of the single phase diflerence
in the calculation of the attitude angle may decrease for a
combination of the base line having a larger Pitch-DOP and
the positioning satellite. The calculating condition determin-
ing part 132 may output the set weight coellicient to the
attitude angle calculating part 131. The attitude angle cal-
culating part 131 may calculate the pitch angle 0 with high
precision by calculating the attitude angle using the weight
coellicient given from the calculating condition determining
part 132.

Thus, by using the configuration of this embodiment, the
target attitude angle component may be calculated with high
precision.

Note that 1n the above configuration, the example 1s
illustrated in which the weight coeflicient may be set for
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every combination of the base line and the positioning
satellite by using the accuracy degradation index. However,
as 1llustrated below, the weight coetlicient may be set using
a base-line vector and a line-of-sight vector of the position-
ing satellite from the base line.

Therefore, when calculating the attitude angle (yaw
angle) 1n the heading direction, the weight for the position-
ing satellite which 1s located at a position closer to 90° (right
angle) with respect to the azimuth of the base line may be
made greater, on the basis of the arrangement spatial rela-
tionship of the positioning satellites. Alternatively, when
calculating the attitude angle 1n the heading direction (the
azimuth of the movable body or the yaw angle), the posi-
tioning satellite which 1s located at a position closer to 90°
(right angle) with respect to the azimuth of the base line may
be selected, and the positioning satellites which are located
at positions closer to 0° (parallel) with respect to the azimuth
of the base line may be excluded. The calculation accuracy
of the yaw angle may be improved by performing such
settings.

Specifically, the calculating condition determining part
132 may determine the contribution for every single phase
difference using the following concept. FIG. 6 15 a perspec-
tive view illustrating a spatial relationship of the antennas
and the positioning satellites. FIG. 7 1s a plan view 1llus-
trating a relation between the antennas and projected posi-
tions of the positioning satellites. Note that, FIGS. 6 and 7
illustrate a case where the Bx-axis direction of the BODY
coordinate system 1s 1n agreement with and x-axis direction
of the absolute coordinate system, whereas the By-axis
direction of the BODY coordinate system 1s in agreement
with y-axis direction of the absolute coordinate system.

The calculating condition determining part 132 may cal-
culate the spatial relationship of the base line and the
positioning satellite. The calculating condition determiming
part 132 may calculate an angle between the base line and
a line connecting the projected position of the positioning
satellite to a plane including the base line (in the case of
FIGS. 6 and 7, the x-y plane), and a reference position of the
base line (1in the case of FIGS. 6 and 7, a starting point of the
base line).

For example, 1n the example illustrated in FIG. 7, the
calculating condition determining part 132 may set a base-
line vector VctAD connecting the antennas 100A and 100D.
The base-line vector VctAD may be determined by the
positions of the antennas 100A and 100D. The positions of
the antennas 100A and 100D may be calculated by the
independent positioning based on the pseudo ranges p , and
Pp-

The calculating condition determining part 132 may set a
line-of-sight direction vector VctAl connecting the antenna
100A with a positioning satellite SV1. The line-of-sight
direction vector VctAl may be determined based at the
positions of the antenna 100A and the positioning satellite
SV1. The position of the positioning satellite SV1 may be
acquired by analyzing the navigation message.

The calculating condition determining part 132 may set a
line-of-si1ght direction vector VctA2 connecting the antenna
100A with a positioning satellite SV2. The line-of-sight
direction vector VctA2 may be determined based at the
positions of the antenna 100A and the positioning satellite
SV2. The position of the positioning satellite SV2 may be
acquired by analyzing the navigation message.

The calculating condition determining part 132 may use
an inner product operation etc. of the base-line vector
VctAD and the line-of-sight direction vector VctAl to
calculate an angle between the base line connecting the
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antennas 100A and 100D, and a line connecting the pro-
jected position of the positioning satellite SV1 and the
reference position of the base line (in the case of FIGS. 4 and
5, the position of the antenna 100A). Similarly, the calcu-
lating condition determining part 132 may use an inner
product operation etc. of the base-line vector VctAD and the
line-of-sight direction vector VctA2 to calculate an angle
between the base line connecting the antennas 100A and
100D, and a line connecting the projected position of the
positioning satellite SV2 and the reference position of the
base line. Here, the angles may be calculated as 90° or less.
(Calculation of Yaw Angle 1))

As 1llustrated 1n FIG. 4, 1n the case of the yvaw angle 1),
the Heading-DOP decreases as the angle with respect to the
base line becomes closer to 90° (right angle), whereas the
Heading-DOP increases as the angle with respect to the base
line becomes closer to 0° (parallel).

Using this principle, the calculating condition determin-
ing part 132 may set a larger weight coetlicient for the
positioning satellite as the angle with respect to the base line
becomes closer to 90° (right angle), whereas set a smaller
welght coetlicient for the positioning satellite as the angle
with respect to the base line becomes closer to 0° (parallel).

Thus, the yaw angle 1 may be calculated with high

precision similar to the settings of the weight coeflicients
using the Heading-DOP.

(Calculation of Pitch Angle 0)

As 1llustrated 1n FIG. 3, 1n the case of the pitch angle 0,
Pitch-DOP decreases as the angle with respect to the base
line becomes closer to 0° (parallel), whereas the Pitch-DOP
increases as the angle with respect to the base line becomes
closer to 90° (right angle).

Using this principle, the calculating condition determin-
ing part 132 may set a larger weight coetlicient for the
positioning satellite as the angle with respect to the base line
becomes closer to 0° (parallel), whereas set a smaller weight
coellicient for the positioming satellite as the angle with
respect to the base line becomes closer to 90° (right angle).

Thus, the yaw angle 1 may be calculated with high
precision similar to the settings of the weight coeflicients
using the Pitch-DOP.

Note that, 1n the above description, although the weight
coellicient may be set based on the angle with respect to the
base line, the angle of elevation may further be used. As
illustrated mm FIGS. 4 and 5, the Heading-DOP and the
Pitch-DOP are improved as the angle of elevation becomes
lower. Theretfore, a correction to increase the weight coet-
ficient may be performed as the angle of elevation becomes
lower, and a correction to decrease the weight coetlicient
may be performed as the angle of elevation becomes higher.

Although 1n the above description, the mode 1n which
cach processing may be performed by an individual func-
tional part, the processing may be programmed and stored in
a storage medium, and this program may be read and
executed by an information processing device, such as a
computer. In this case, the following processing tlow may be
executed. FIG. 8 1s a flowchart 1llustrating a processing tlow
of a method of calculating a traveling state according to the
first embodiment of the present disclosure.

The information processing device may calculate the
pseudo ranges and the carrier phase measurements based at
the positioning signals recerved by the plurality of antennas
100A, 100B, 100C and 100D (S101).

The mformation processing device may demodulate the
received positioning signals and analyze the navigation
message. The information processing device may acquire
the satellite position from the navigation message (5102).
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The information processing device may determine the
weight coeflicient for every combination of the base line and
the positioning satellite based on the spatial relationship
between the positioning satellite and the base line (S103).
Specifically, the information processing device may deter-
mine the weight coeflicient using the processing illustrated
in FIG. 9. FIG. 9 1s a flowchart illustrating determination
processing ol the weight coeflicient in the method of cal-
culating the traveling state according to the first embodiment
of the present disclosure. The information processing device
may calculate the Heading-DOP for every combination of
the base line and the positioning satellite (S131). The
information processing device may calculate the Pitch-DOP
for every combination of the base line and the positioning
satellite (5S132). The information processing device may
determine the weight coeflicient for every combination of
the base line and the positioning satellite using the Heading-
DOP or the Pitch-DOP according to the target attitude angle
component (S133). The specific determination method of
the weight coeflicient 1s the same as the description of the
above configuration. Note that one of the Heading-DOP and
the Pitch-DOP may be calculated according to the target
attitude angle component. Specifically, 11 the attitude angle
component for which the highly-precise calculation 1is
needed 1s the yaw angle 1, only the Heading-DOP may be
calculated to determine the weight coetlicient based on the
Heading-DOP. Moreover, if the attitude angle component
for which the highly-precise calculation 1s needed 1s the
pitch angle 0, only the Pitch-DOP may be calculated to
determine the weight coeflicient based on the Pitch-DOP.

The information processing device may calculate the
single phase diflerence between the antennas for every base
line (S104). The information processing device may calcu-
late the attitude angle using the pseudo range, the single
phase difference and the weight coeflicient set for every
single phase difference (5105).

Note that in the above description, the mode 1s 1llustrated
in which the weight coethicient for the calculation of the
attitude angle may be determined based on the accuracy
degradation index, or the spatial relationship of the base-line
vector and the line-of-sight vector. However, the combina-
tion of the base line and the positioning satellite to be used
for the calculation of the attitude angle may be selected from
the accuracy degradation index, or the spatial relationship of
the base-line vector and the line-of-sight vector.

FIG. 10 1s a flowchart illustrating another processing flow
of the method of calculating the traveling state according to
the first embodiment of the present disclosure. FIG. 10
illustrates the case where the accuracy degradation index
may be used.

The information processing device may calculate the
pseudo range and the carrier phase measurements based at
the positioning signals recerved by the plurality of antennas
100A, 100B, 100C and 100D (S201).

The information processing device may demodulate the
received positioning signals and analyze the navigation
message. The information processing device may acquire
the satellite position from the navigation message (S202).

The information processing device may calculate the
accuracy degradation index for every combination of the
base line and the positioning satellite based on the spatial
relationship of the positioning satellite and the base line
(S203).

The information processing device may select the com-
bination of the base line and the positioming satellite to be
used for the calculation of the attitude angle by using the
accuracy degradation index (5204). Specifically, the infor-
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mation processing device may set a threshold beforehand to
the accuracy degradation index. If the accuracy degradation
index 1s below the threshold, the information processing
device may select the combination of the base line and the
positioning satellite to be used as the accuracy degradation
index so that the combination may be used for the calcula-
tion processing of the attitude angle. If the accuracy degra-
dation index 1s above the threshold, the information pro-
cessing device may select the combination of the base line
and the positioning satellite to be used as the accuracy
degradation index so that the combination may be excluded
from the calculation processing of the attitude angle. This
selection processing differs depending on the target attitude
angle component, and the Heading-DOP may be used when
calculating the yaw angle 1, whereas the Pitch-DOP may be
used when calculating the pitch angle 0.

Note that, when using the spatial relationship of the
base-line vector and the line-of-s1ght vector, the information
processing device may set the threshold to the angle between
the base-line vector and the line-of-sight vector.

If the angle 1s above the threshold, the information
processing device may select the combination of the base
line and the positioning satellite which constitute the angle
so that the combination may be used for the calculation
processing of the yaw angle 1. If the angle 1s below the
threshold, the information processing device may select the
combination of the base line and the positioning satellite
which constitute the angle so that the combination may be
excluded from the calculation processing of the yaw angle
. That 1s, the contribution to the calculation processing of
the yaw angle 1 may be set to 0. On the other hand, if the
angle 1s below the threshold, the mmformation processing
device may select the combination of the base line and the
positioning satellite which constitute the angle so that the
combination may be used for the calculation processing of
the pitch angle 0. If the angle 1s above the threshold, the
information processing device may select the combination
of the base line and the positioning satellite which constitute
the angle so that the combination may be excluded from the
calculation processing of the pitch angle 0. That 1s, the
contribution to the calculation processing of the yaw angle
) may be set to 0.

The information processing device may calculate the
attitude angle using the pseudo range and the single phase
difference which are acquired in the selected combination of
the base line and the positioning satellite [S2035].

Note that such a selection of the combination of the base
line and the positioning satellite may be executed by the
calculating condition determining part 132 i1n the mode
where each processing 1s executed by every functional part.

By using such a processing and configuration, the target
attitude angle component (1.e., the attitude angle component
for which the highly-precise calculation 1s needed) may be
calculated with high precision.

Note that the calculation of the attitude angle using the
weight coetlicient, and the calculation of the attitude angle
using the selection may suitably be adopted according to
situations. For example, i1 the number of positioning satel-
lites which may receive the positioning signals 1s less, the
weight coellicient may be used. Thus, the attitude angle may
be calculated with high precision, even 1f the positioming,
satellites which may receive the positioning signals are less
in the number. On the other hand, 11 the number of posi-
tioming satellites which may receive the positioning signals
1s more, the selection may be used. Thus, the attitude angle
may be calculated with high precision by only using the
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positioning satellites among a great number of positioning
satellites by which the calculation accuracy of the attitude
angle 1s 1mproved.

Next, a traveling state calculating device, a method of
calculating the traveling state, and a traveling state calcu-
lating program according to a second embodiment are
described with reference to the accompanying drawings.
FIG. 11 1s a block diagram 1llustrating a configuration of the
traveling state calculating device according to the second
embodiment of the present disclosure.

A traveling state calculating device 10A according to this
embodiment 1s configured by adding an inertia sensor 20 to
the traveling state calculating device 10 according to the first
embodiment. Furthermore, the traveling state calculating
device 10A differs in the configuration of an operation part
13A from the traveling state calculating device 10.

The mertia sensor 20 may include an acceleration sensor
21 and an angular velocity sensor 22. The acceleration
sensor 21 may detect an acceleration a;, .- and output 1t to an
integrated processing part 135. The angular velocity sensor
22 may detect an angular velocity w,, ., and output it to the
integrated processing part 135.

The operation part 13A may include an error estimating,
part 131A, a calculating condition determining part 132, and
the mtegrated processing part 1335, The calculating condition
determining part 132 may have the same configuration and
perform the same processing as those of the first embodi-
ment, and determine the weight coetlicient to the single
phase diflerence for every combination of the base line and
the positioning satellite.

The error estimating part 131 A may accept inputs of the
pseudo ranges p,, Pz, P~ and p,, the carrier phase mea-
surements PY ,, PY,, PY . and PY ,, amounts of change 1n
the satellite position APsat ,, APsat,, APsat, and APsat,, and
the single phase diflerences between the antennas. The
single phase difference between the antennas 1s calculated
by the phase difference calculating part 12. Moreover, the
error estimating part 131A accepts inputs of a previous
integrated position P, ., a previous integrated speed V..
and a previous integrated attitude angle AT, ..

The error estimating part 131 A may set an observation
value based on these mput values, and set a Kalman filter in
which a position calculation error €,, a speed calculation
error €;, and an attitude angle calculation error €, are
estimated values. Here, the error estimating part 131 A may
set the Kalman filter using the weight coetlicient set for
every single phase difference.

By carrying out the calculation processing of the Kalman
filter, the error estimating part 131A may estimate the
position calculation error €5, the speed calculation error €,
and the attitude angle calculation error € ,, and output them
to the imtegrated processing part 135. In addition, the attitude
angle calculation error €, may be estimated with high
precision by weighting the single phase difference.

The integrated processing part 135 may calculate an
integrated position PUN, an integrated speed V, ., and an
integrated attitude angle AT, by using the acceleration
an . and the angular velocity w,, .. Here, the integrated
processing part 135 may perform a correction by the posi-
tion calculation error €., the speed calculation error €;, and
the attitude angle calculation error € ..

Even such a configuration may be used, the attitude angle
may be calculated with high precision similar to the first
embodiment. Furthermore, with the configuration of this
embodiment, the position and the speed may also be calcu-
lated with high precision corresponding to the calculation
accuracy of the attitude angle.
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Moreover, by using the configuration of this embodiment,
the attitude angle may also be calculated during a period in
which the positioning signal cannot be received. Moreover,
during a period 1n which the positioning signal 1s received,
since the error of the inertia sensor 20 may be corrected
using the positioning signal, the attitude angle may be
calculated with high precision.

Note that FIG. 11 illustrates the mode in which each
processing may be executed by the different functional part,
respectively. However, these functional parts may be formed
by a single imnformation processing device. In this case, the
following program which implements the method of calcu-
lating the traveling state may be stored beforehand, and the
information processing device may read and execute this
program.

FIG. 12 1s a flowchart of the method of calculating the
traveling state according to the second embodiment of the
present disclosure.

The information processing device may calculate the
pseudo range p ,, P, P~ and pp, the carrier phase measure-
ments PY ,, PY ., PY . and PY ,, and the amount of change
in the satellite positions APsat ,, APsat., APsat_, and APsat,,
(S301). The information processing device may acquire the
acceleration a,, ., and the angular velocity comp from the
inertia sensor 20.

The miormation processing device may demodulate the
received positioning signals and analyze the navigation
message. The mformation processing device may acquire
the satellite position from the navigation message (S302).

The mformation processing device may determine the
weight coellicient for every combination of the base line and
the positioming satellite based on the spatial relationship
between the positioning satellite and the base line (S303).

The information processing device may calculate the
single phase diflerence between the antennas for every base
line (8304).

The information processing device may estimate the
position calculation error €, the speed calculation error €,
and the attitude angle calculation error € ,-using the pseudo
range carrier phases and the single phase difference, and the
integrated position P, the integrated speed V, .., and the
integrated attitude angle AT, ,,, which are obtained from the
previous calculation, and the weight coeflicient set for the
pseudo range, carrier phases and every single phase differ-
ence (S305). Here, the information processing device may
set the weight to error variance etc. using the Kalman filter
etc.

The information processing device may calculate the
integrated position PUN, the integrated speed V., and the
integrated attitude angle AT, ., using the acceleration a;, ;.
the angular velocity w;, ., the position calculation error €,
the speed calculation error €, and the attitude angle calcu-
lation error €, (S306).

Although 1n the traveling state calculating devices 10 and
10A the case where the number of the antennas 1s four 1s
illustrated, the antennas may be disposed so that the plurality
ol antennas are provided, 1.e., one or more base lines may be
formed. FIG. 13 1s a plan view illustrating a pattern of the
antennas used for the traveling state calculating device
according to the embodiments of the present disclosure.

An antenna part 100' may include the antennas 100A,

100B and 100C. An arrangement pattern of the antennas
100A, 100B and 100C may be spread two-dimensionally.

That 1s, the antennas 100A, 100B and 100C may be disposed
so that the antenna 100C 1s not disposed on a straight line
passing through the antennas 100A and 100B. The distances
between the antennas are the same as the first embodiment.

5

10

15

20

25

30

35

40

45

50

55

60

65

14

Even with such a configuration, similar operations and
ellects to each embodiment may be acquired.

Next, a traveling state calculating device according to the
third embodiment of the present disclosure 1s described with
reference to the accompanying drawings. FIG. 14 1s a block
diagram 1llustrating a configuration of the traveling state
calculating device according to the third embodiment of the
present disclosure.

A traveling state calculating device 10B of this embodi-

ment may be configured by adding a display part 30 to the
traveling state calculating device 10 according to the first
embodiment. Other configurations of the traveling state
calculating device 10B may be the same as those of the
traveling state calculating device according to the first
embodiment.
The display part 30 may include a display control part 31
and a display unit 32. The display control part 31 may accept
an mput of the attitude angle calculated by the attitude angle
calculating part 131. The display control part 31 may accept
inputs ol the position of the positioning satellite acquired by
the demodulation of the navigation message and the position
of the antenna part 100 (1.e., position of the ship). The
attitude angle, the positions of the positioning satellites, and
the position of the ship may be set to a common coordinate
system.

The display control part 31 may generate an 1mage data
indicative of positions of the antenna part 100 and the
positioning satellites based on the attitude angle AT, the
positions of the positioning satellite, and the position of the
ship. The display control part 31 may output the 1image data
to the display unit 32.

FIG. 15 15 a view 1illustrating one example of the image
outputted from the traveling state calculating device accord-
ing to the third embodiment of the present disclosure. As
illustrated 1n FIG. 15, the image may include an azimuth
display part 320 and a satellite-location display part 330.
The azimuth display part 320 and the satellite-location
display part 330 may be concentric circles. The satellite-
location display part 330 may be disposed 1nside the circle
of the azimuth display part 320.

The azimuth display part 320 may include symbols
indicative of directions (azimuths) in the earth coordinate
system (N (North), S (South), E (East), W (West), 45, 135,
225 and 315). Each symbol may be located at an interval of
45° along with an outer circumierential circle of the azimuth
display part 320. The symbols of 45, 135, 225 and 315 may
represent angles in the E (Eastward) with respect to N
(North). In the azimuth display part 320, an upward direc-
tion of the image may be an azimuth of a reference base line.

The satellite-location display part 330 may be provided
with a plurality of angle-of-elevation auxiliary lines 331
comprised of circles of different radu. The plurality of
angle-of-elevation auxiliary lines 331 may be concentric
circles, and indicating that the angle of elevation increases
as the radius of the circle becomes smaller. In the satellite-
location display part 330, symbols 332 (positioning satellite
symbols) indicative of the positioning satellites may be
displayed. The positioning satellite symbol 332 may repre-
sent the position of the positioning satellite with respect to
the antenna part 100. The position of the positioning satellite
may be expressed by the azimuth and the angle of elevation
of each positioning satellite when seen from the antenna part
100, which may be obtained from the line-of-sight vector. As
for the display position of the positioning satellite symbol
332, a distance from the center of the circle may be
determined based on the angle of elevation, and the position
along the circumierential direction may be determined based
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on the azimuth. The positioming satellite symbol 332 may be
provided with a numerical value indicative of a satellite
number. The positioning satellite symbols 332 may be
displayed in different colors depending on their positioning
system. Note that the positioning satellite symbol 332 may
adopt a display mode 1n which only the symbols correspond-
ing to the positioning satellites from which the positioning
signals are currently received are changed in the displaying
color or blinked, etc. Moreover, the display mode of the
positioning satellite symbol 332 may be changed according,
to the antenna which 1s receiving the positioming signal.

At the center of the display image (1.¢., at the center of the
azimuth display part 320 and the satellite-location display
part 330), symbols 341 (antenna symbols) indicative of the
antennas 100A, 1008, 100C and 100D, and symbols 342
(base-line symbols) indicative of the base lines, may be
displayed. The antenna symbols 341 and the base-line
symbols 342 may be displayed in the same arrangement
pattern as the antenna part 100. The antenna symbols 341
and the base-line symbols 342 may be displayed so that the
reference base line extends in the vertical directions of the
image. Only the antenna symbol 341 of the reference
antenna (here, corresponding to the antenna 100A) may be
displayed 1n a different display mode (1in color, etc.) from the
symbols of other antennas. The base-line symbols 342 may
be lines, and the base lines which are used for positioning are
displayed by solid lines, whereas the base lines which are
not used for positioning are displayed by dotted lines. Note
that the antenna and the base line used as the reference may
be selected, and the selected antenna and base line may be
displayed 1n a different display mode from other antennas
and base lines.

A bow-direction indicating symbol 350 may be displayed
in an outer circumierence of the azimuth display part 320.
The bow-direction indicating symbol 350 1s displayed at a
position corresponding to a bow direction.

By using such an indication, an operator may visually and
casily observe the arrangement of the positioming satellites
around traveling state calculating device 10B. The operator
may visually and easily observe the spatial relationship of
the base lines and the positioming satellites. Moreover, the
operator may visually and easily observe the positioning
satellites used for the calculation of the attitude angle, and
the base lines used as the reference.

Note that the position of the plurality of positioning
satellites may overlap with each other on the display. In this
case, the visibility of all the positioning satellites may be
improved by using the following display mode. FIGS. 16
and 17 are views 1illustrating display modes of the traveling
state calculating device according to the third embodiment
of the present disclosure.

In the display mode 1llustrated 1n FIG. 16, 11 the positions
are overlapped on the display according to the indication by
the positioming satellite symbols, a temporary symbol 333
may be disposed in the satellite-location display part 330.
The temporary symbol 333 may be smaller than the posi-
tioming satellite symbol 332. Thus, even 11 the positions of
the positioning satellites are close to each other, the symbols
may be less overlapped. An annotation symbol 334 may be
attached to each temporary symbol 333. The annotation
symbol 334 may be displayed 1n the same display mode as
the positioning satellite symbol, and may be displayed
outside the azimuth display part 320. The annotation sym-
bols 334 may be displayed without being overlapped with
cach other. Since a suflicient area for the display exists
outside the azimuth display part 320, the annotation symbol
334 may be displayed so that they are not easily overlapped.
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The annotation symbol 334 and the temporary symbol 333
are connected via a leader arrow symbol. Thus, the visibility
of all the positioning satellites may be improved.

In the display mode 1llustrated in FIG. 17, 1t the positions
are overlapped on the display according to the indication of
the positioning satellite symbols, the temporary symbols 333
may be disposed in the satellite-location display part 330.
The temporary symbol 333 may be smaller than the posi-
tioning satellite symbol 332. A detailed display symbol 335
may be attached to a group of temporary symbols 333. The
detailed display symbol 335 may be connected with the
group of temporary symbols 333 via a leader arrow symbol.
A group of satellite numbers of the positioning satellites
which constitutes a group of temporary symbols may be
displayed in the detailed display symbol 335. This satellite
number group may be displayed so that an arrangement
order of the satellite numbers changes sequentially. Thus,
the wvisibility of all the positioning satellites may be
improved.

Note that, although in the above description the example
where the combination of the base line and the positioning
satellite to be used for the attitude calculation may be set
based on the accuracy degradation index, or the angle based
on the line-of-sight vector, 1s illustrated, a combination of
the base line and the positioning satellite which 1s further
cllective 1n the highly-precise calculation of the attitude
angle may be selected by further performing the following
verification. Note that, below, although one example of the
selection of the combination of the base line and the posi-
tioning satellite may be 1llustrated, the adjustment of the
weilght coellicient may similarly be set. That 1s, the selection
and the increasing the weight coetlicient are similar pro-

cessings, and the exclusion and the decreasing the weight
coellicient are similar processings.
(A) Test of Base-Line Vector

A length of the base-line vector calculated using the
positioning signals may be compared with a physical base
line length which 1s known beforechand at the time of
installation. I a diflerence between the calculated length of
the base-line vector and the physical base line length 1s
below a threshold, a single phase difference corresponding
to the base-line vector may be used for the calculation of the
attitude angle. I the difference between the calculated length
of the base-line vector and the physical base line length 1s
above the threshold, the single phase difference correspond-
ing to the base-line vector may be excluded from the
calculation of the attitude angle.
(B) Residual Threshold Test of Base-Line Vector

For a residual of the base-line vector calculated using the
positioning signals, a ¥ -test may be performed. If the ¢~
value of the residual of the base-line vector 1s below the
threshold, the single phase difference corresponding to the
base-line vector may be used for the calculation of the
attitude angle. If the * value of the residual of the base-line
vector 1s above the threshold, the single phase difference
corresponding to the base-line vector may be excluded from
the calculation of the attitude angle.
(C) Dafferentiation Value Test of Heading Direction (Yaw
Angle 1) of Base-Line Vector

The calculated yaw angle 1 may be acquired continuously
and an amount of change with time of the yaw angle 1 may
be calculated. If an amount of change with time o of the
yaw angle 1 1s below a threshold, the calculated yaw angle
) may be adopted. If the amount of change with time 0 of
the yaw angle 1 1s above the threshold, the calculated yaw
angle 1 may not be adopted.
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(D) Inner Product/Outer Product Test of Base-Line Vector
An 1mnner product or an outer product of the two base-line
vectors calculated using the positioning signals may be
calculated. The inner product or outer product of the two
base-line vectors may be calculated based on the physical
spatial relationship of the antennas installed beforehand. If
a difference between the inner product of the positioning
signals and the mnner product of the physical positions, or a
difference between the outer product of the positioning
signals and the outer product of the physical positions 1s
below the threshold, the single phase difference correspond-
ing to the base-line vector may be used for the calculation of
the attitude angle. 11 the difference between the inner product
of the positioning signals and the iner product of the
physical positions, or the difference of the outer product of
the positioning signals and the outer product of the physical
positions 1s above the threshold, the single phase difference
corresponding to the base-line vector may be excluded from
the calculation of the attitude angle.
(E) Diflerentiation Value Test of Attitude Angle

Each component of the calculated attitude angle (the roll
angle @, the pitch angle 0, the yaw angle 1) may be acquired
continuously, and the amount of change with time 1s calcu-
lated, respectively. If the amount of change with time of each
component of the attitude angle 1s below the threshold, the
calculated attitude angle may be adopted. If the amount of
change with time of each component of the attitude angle 1s
above the threshold, the calculated attitude angle may not be
adopted.

Note that in each embodiment described above the mode
in which the single phase difference between the antennas
may be used as the phase difference. However, a double
phase diflerence between a vector connecting two antennas
(base line) and a vector connecting two positioming satellites
may be used. Here, a reference positioning satellite may be
set.

When using the double phase difference, the contribution
used for the calculation of the attitude angle (the weight, or
the selected/unselected) may be determined based on an
absolute value of the outer product of the vector connecting
the two antennas and the vector connecting the two posi-
tioming satellites. More specifically, when using the weight
coellicient, a larger weight 1s used for a larger absolute value
ol the outer product, whereas a smaller weight 1s used for a
smaller absolute value of the outer product. Alternatively,
when using the selected/unselected, a threshold for the
absolute value of the outer product may be set, and if the
absolute value of the outer product 1s above the threshold,
the positioning satellite used for the calculation of the outer
product may be selected, whereas 11 the absolute value of the
outer product 1s below the threshold, the positioning satellite
used for the calculation of the outer product may not be
selected.

The 1nvention claimed 1s:

1. An attitude angle calculating device, comprising:

a plurality of antennas configured to receive positioning,
signals from a positioning satellite, respectively, the
plurality of antennas connected by a plurality of base
lines, each base line connecting two antennas among
the plurality of antennas;

a plurality of receivers provided for every antenna that
constitutes the plurality of antennas, and configured to
output data for calculation using the positioning signals
received by the antennas; and

processing circuitry configured

to calculate each component of an attitude angle using the
data for calculation;
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to determine a contribution of the data for calculation to
the calculation of the attitude angle, corresponding to
the component of the attitude angle, based on a spatial
relationship between at least one of the plurality of the
base lines and the positioning satellite; and

to display projected positions of the positioning satellite

onto a plane including the base lines, and the base lines,
wherein

the base lines used for positioning are displayed in a

different display mode from the base lines not used for
positioning.

2. The attitude angle calculating device of claim 1,
wherein the processing circuitry is further configured:

to calculate an accuracy degradation index corresponding

to the component of the attitude angle based on the
spatial relationship of the base line and the positioning,
satellite; and

to determine the contribution using the accuracy degra-

dation index.

3. The attitude angle calculating device of claim 2,
wherein the processing circuitry 1s further configured to set
the contribution to 0 when the accuracy degradation index 1s
above a given threshold.

4. The attitude angle calculating device of claim 2,
wherein processing circuitry 1s further configured to increase
the contribution as the accuracy degradation index becomes
smaller, while decreases the contribution as the accuracy
degradation index becomes larger.

5. The attitude angle calculating device of claim 1,
wherein the processing circuitry 1s further configured

to calculate a phase difference corresponding to the base

line, and

to calculate the component of the attitude angle using the

data for calculation and the phase difference.

6. The attitude angle calculating device of claim 3,
wherein,

the phase diflerence 1s a single phase difference between

the antennas that constitute the base line, and

the processing circuitry 1s further configured to increase

the contribution of the data for calculation of the
positioming satellite of which an angle between a
straight line connecting a center of the base line and the
positioning satellite, and the base line, 1s a substantially
right angle.

7. The attitude angle calculating device of claim 5,
wherein,

the phase diflerence 1s a double phase diflerence between

a vector of the base line connecting the two antennas
and an inter-satellite vector connecting two positioning
satellites that are senders of the positioning signals
received by the two antennas, and

the processing circuitry 1s further configured to increase

the contribution of the data for calculation of the
positioning satellite of which an angle between the
vector of the base line and the inter-satellite vector 1s a
substantially right angle.

8. The attitude angle calculating device of claim 1,
wherein the processing circuitry 1s further configured to
calculate the attitude angle by additionally using output data
ol an inertia sensor.

9. The attitude angle calculating device of claim 1,
wherein the display further displays an absolute direction.

10. A method of calculating an attitude angle, comprising:

recerving positioning signals from a positioning satellite;

outputting data for calculation and using the positioning
signals received by a plurality of antennas connected by
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a plurality of base lines, each base line connecting two
antennas among the plurality of antennas;
determining a contribution of the data for calculation to a
calculation of the attitude angle, corresponding to a
component of the attitude angle, based on a spatial
relationship between at least one of the plurality of the
base lines and the positioning satellite;
calculating each component of the attitude angle using the
data for calculation and the contribution; and

displaying projected positions of the positioning satellite
onto a plane including the base lines, and the base lines,
wherein

the base lines used for positioming are displayed in a

different display mode from the base lines not used for
positioning.

11. The method of claim 10, wherein the determiming the
contribution of the data for calculation includes:

calculating an accuracy degradation index corresponding,

to the component of the attitude angle based on the
spatial relationship of the base line and the positioning,
satellite; and

determining the contribution using the accuracy degrada-

tion index.

12. The method of claim 11, wherein the determiming the
contribution using the accuracy degradation mndex includes
setting the contribution to 0 when the accuracy degradation
index 1s above a given threshold.

13. The method of claim 11, wherein the determiming the
contribution using the accuracy degradation mdex includes
increasing the contribution as the accuracy degradation
index becomes smaller, while decreasing the contribution as
the accuracy degradation index becomes larger.

14. The method of claim 10, further comprising calculat-
ing a phase difference corresponding to the base line,

wherein the calculating each component of the attitude

angle includes calculating the component of the attitude
angle using the data for calculation and the phase
difference.

15. The method of claim 14, wherein,

the phase difference 1s a single phase difference between

the antennas that constitute the base line, and

the determining the contribution of the data for calcula-

tion includes increasing the contribution of the data for
calculation of the positioning satellite of which an
angle between a straight line connecting a center of the
base line and the positioning satellite, and the base line,
1s a substantially right angle.
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16. The method of claim 14, wherein,

the phase diflerence 1s a double phase diflerence between
a vector of the base line connecting the two antennas
and an inter-satellite vector connecting two positioning
satellites that are senders of the positioning signals
received by the two antennas, and

the determining the contribution of the data for calcula-

tion 1ncludes increasing the contribution of the data for
calculation of the positioning satellite of which an
angle between the vector of the base line and the
inter-satellite vector 1s a substantially right angle.

17. The method of claim 10, wherein the calculating each
component of the attitude angle includes calculating the
attitude angle by additionally using output data of an 1nertia
SENSOr.

18. An attitude angle calculating program configured to
cause an 1mnformation processing device to execute process-
ing configured to calculate an attitude angle using position-
ing signals from a positioning satellite, the program causing
the information processing device to execute:

outputting data for calculation using the positioning sig-

nals received by a plurality of antennas connected by a
plurality of base lines, each base line connecting two
antennas among the plurality of antennas;
determining a contribution of the data for calculation to a
calculation of the attitude angle, corresponding to a
component of the attitude angle, based on a spatial
relationship between at least one of the plurality of the
base lines and the positioning satellite;
calculating each component of the attitude angle using the
data for calculation and the contribution; and

displaying projected positions of the positioning satellite
onto a plane including the base lines, and the base lines,
wherein

the base lines used for positioning are displayed in a

different display mode from the base lines not used for
positioning.

19. The attitude angle calculating program of claim 18,
the determining the contribution of the data for calculation
includes:

calculating an accuracy degradation index corresponding,

to the component of the attitude angle based on the
spatial relationship of the base line and the positioning,
satellite; and

determining the contribution using the accuracy degrada-

tion 1ndex.
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